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ASTRONOMICAL OBSERVATIONS. 



N^ VI. 

yl Letter from Mr. Andrew Ellicott, to Robert 
Patterson; in Two Pans. 

Part firft contains a number of Ajironomical Obfervatiom. 

Fart fecond contains the Theory and Method of calculating the 
Aberration of the Stars, the Nutation of the Earth's Axis, and the 
Semiannual Equation. 

PART FIRST. 

Philadelphia, April 2d, 1795. 
Dear Sir, 

Read Apriif HEREWITH prcfcnt you with a confiderable num- 
3. 1795- J[ ber of Aftronomical Obfervations, which you will 
obferve were generally made on fome very important occafions. 
— The following immerCons, and emerfions, of the fatellites of 
Jupiter, were obferved at Wilmmgton on the Delaware, by 
MefTrs. Rittenhoufe, Page, Andrews, and Lukens ; and at the 
weftern obfervatory by Meflrs. Ewing, Madifon, Hutchins, and 
myfelf, for the purpofe of determining the weftern extenfion of 
the ftate of Pennfylvania. 



Immerfism 
fervatery in 1 


olferved at the Wejlern oh- 
784. 


Immerfions obferved 
1784. 


It Wilmington l?i 


Day of the 
month. 


to 


Mean Time. 


Obfervers. 'Z a. 


Day of the 
Month. 


1 


Mean Time. 


Obfervers. -1 |. 










July I. 


I 


I4hi7'33" 
14 1746 
14 1748 


Page, E 
Rittenhoufe, G 
Lukens. F 




July 3- 


2 


13 1858 
13 1912 
13 1902 


Page, E 
Rittenhoufe, G 
Luken.":. F 




July 8. 


I 


16 II 10 
16 1 1 27 


Page, E 
Rittenhoufe. G 


July 17. 


I 


I2''i3'48" 
12 1320 
12 1325 
12 1325 


Ewing, A 
Madifon, B 
Hutchins, C 
Ellicott. D 











* A a 4 feet acromatic, B 2§ fectrefle(9:or,|| * G a 4 feet refle<9or, E a a feet Tc&e&ur, 
Ca J feet refleiftor, andD a 3 feet acromatic. II F JA feet acromatic, and H a 3 feet refledor. 

Aug. 3. 



ASTRONOMICAL OBSERVATIONS. 



33 



Immerfions obferved 
Obfervatory. 


at the Wejlern 


Immerfions ohferved at Wilmington. 


Day of the 
Month. 


A 

3 

I 


Mean Time. 

8"54 56" 
8 55 16 

8 55 23 
8 55, 6 


Obfervers. -^ §> 


Day of the 
Month. 


1 


Mean Time. 


Obfervers. •§ g. 


Aug. 3. 


Ewing, A 
Madifon, B 
Hutchins, C 
EUicott. D 


Aug. 3. 


3 


9»i5'i7" 

9 '4 47 
9 15 37 
9 15 27 


Andrews, H 
Page. E 
Lukens, F 
Rittenhoufe. G 


Aug. 9. 


12 24 20 
12 2425 

12 24 15 
I2_2_4J_|_ 
12 56 24 
12 56 29 
12 56 24 

12 s^ 8 


Ewing, A 
Madifon, B 
Hutchins, C 
EUicott, D 










Aug. 10. 


Ewing, A 
Madifon, B 
Hutchins, C 
EUicott. D 


Aug. 10. 


3 


13 16 10 

13 iS 33 
13 16 38 


Andrews, H 
Lukens, F 
Rittenhoufe. G 


Aug. 16. 


I 


14 18 40 
14 18 13 
14 19 I 


Ewing, A 
Hutchins, C 
EUicott. D 


Aug. 16. 


I 


1438 51 
14 38 31 
•438 37 
14 38 39 


Andrews, H 
Page, E 
Lukens, F 
Rittenhoufe. G 


Aug. 1 9. 


4 


12 31 2 
12 3057 
12 31 15 


Ewing, A 
Madifon, B 
EUicott. D 


Aug. 1 9. 


4 


12 49 36 

(2 49 46 
12 ^0 26 
12 50 21 


Andrews, H 
Page, E 
Lukens, F 
Rittenhoufe. G 










Aug. 23. 


I 


16 32 H 

16 32 45 
16 32 49 


Andrews, H 
Lukens, F 
Rittenhoufe. G 



Emerfions obferved at the Wejlern Ob- 
fcrvatory, 1 7 84. 


Emerfions 
1784. 


obferved 


at Wilmington, 


Day of the 
Month. 


3 

<u 

1 


MeanTime. 


Obfervers. -3 g. 


Day of the 
Month. 




MeanTime. 


Obfervers. -^ g. 


Aug. 27. 


, 


7''26'o" 

7 26 35 
7 26 15 


Ewing, A. 
Madifon, B 
EUicott, D 










Aug. 2 9. 


2 


12 3941 
12 39 58 

12 40 21 
12 40 8 


Ewing, A 
Madifon, B 
Hutchins, C 
EUicott. D 


Aug. 29. 


2 


1 31" o'i8" 
13 10 

12 59 43 


Andrews, H 
Page, F 
Rittenhoufe. G 




— 






Sept. 8. 


3 


8 43 23 
8 42 55 
8 42 45 


Andrews, H 
Pnge, F 
Rittenhoufe. G 








Sept. lo. 


I 


II 36 6 
II 36 I 
II 3548 


Andrews, H 
Page, F 
Rittenhoufe. G 



Enurfci 
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Emerfions 
fervatory. 


obferved at 


/^.' ivejieni 


Ob- 


Emerfwns 


ohf:rved at 


IVtltv.hgfc::. 


Day of the 
Month. 


'J 

la 


Mean Tims. 


Obfcrvers. 




Day of the 
Month. 



Sept. 15. 


4t 

3 
J. 

3 


Mean Time. 


Obfcrvers. -3 |. 


S2pt.i5. 


3 


13 23 2 
12 23 31 
12 22 49 


Ewing, 
Madifon, 
Hu'chins 
EUicott. 


A 
B 

c 

D 
A 
B 
C 
D 


I2''44'I5" 
1244 8 
12 43 45 


Andrews, H 
Lukens, 1" 
Rittenhoufe. G 


Sept. 19. 


I 


7 3"> Sf> 
7 39 9 
7 39 6 
7 39 II 


Exving, 
Madifon, 
Hutcliins 
EUicott. 


Sept. 19. 


I 


7 59 12 
7 58 54 
7 59 6 


Andrews, H 
Lukens, F 
Rittenhoufe. G 



in 



Although the correfponding obfervations only, were admitted 
the decifion, the non-correfponding ones may neverthelefs 
be ufef'ul for fixing the geographical fituations of other places, 
where correfponding ones may have been made. 

In drawing a conclufion from the foregoing obfervations, it 
was thought neceffary to confider what dependence ought to be 
placed in each fatellite ; becaufe their different velocities, will 
give different degrees of certainty. The firft fatellite is fmall, 
but the rapidity of its motion is much more than a compenfatioii 
for this deficiency : Its luflre is much fooner loft, or acquired, 
than that of the fecond : On the fame account, the fecond is 
better than the third, and the third than the fourth. — The flow 
motion of the third and fourth fatellites, will occafion great un- 
certainty, if the atmofphere fliould be more hazy at one ob- 
fervatory, than the other, at the time of obfervation : this is 
manifeft from the correfponding obfervations of Auguft 19th 
and September 15 th, both of which would have been re- 
jefted, had they not counterafted each other. The firft fatellite, 
being fo much fuperior, on account of certainty, to either of the 
others, we thought proper to put as much dependence upon it, 
as upon the others coUeftively, and that the mean of thofe refults, 
fliould be deemed the aftronomical diftance between the eaftern 
and weftern obfervatories. 

The correfponding obfervations on the firft fatellite, are thofe 
of Auguft 1 6th and September 19th. 

DifiF. of longitude bv the correfp'ihd-1 1 >. i« t r ir c< ^ n- 

•- -ur .• 'r a a a.u t 2o' I " I o Immerfion I ft Satellite, 
mg obfervations of Auguft i6th y 

Ditto by d<i. Sept. 15th. 1 9 $3 30 Etnerfion ift Satellite. 

Diff. of longitude by ift Satellite. 19 ^g 50 = the Mean Longitude. 

Diir. 
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Diff. oflongitnde by the correipond-l ^^ ^„ j,^,^^,fio„ 3d Satellite. 

ing obfervations of AuguH 3d. J 

Do. by Do. ofAugufl loih 20 7 45 Do. Do. 

Do. by Do. ofAugufl 19th 18 37 45 Do. 4ih Satellite. 

Do. by Do. ofAugufl29tli 20 i 40 Emerfion 2d Satellite. 

Do. by Do. of September 15th 20 58 10 Do. 3d Satellite. 

Longitude by the 2d id ;ind 41)1 Sn-I "TT — T";"! -kx t •. : 
. 11-. 11 n- 1 5- 20 2 25 = Me;in Longitude, 

tellites collecSively. J -" ° 

Do. by the ift Satellite 19 59 50 

20 I 74 Menn. 



Hence the diftance between the obfervatorics exceeded 5 de- 
grees of longitude, (being the extent of Pennfylvania weft from 
a point on the Dehiware,) by i" "]'".$. 

After the determination, we completed the fouthern boun- 
dary of Pennfylvania ; it being likewife the north boundary of 
Maryland, and a part of Virginia, and which had been carried 
on iome years before by Meffrs. Mafon, and Dixon, the dif- 
tance of 242 miles.* 

On the 9th day of June 1785, the following obfervations 
were made at the weft end of the above line to trace a meridian 
north, for the weftern boundary of Pennfylvania, and the eaftern 
boundary of a part of Virginia. 

DifF. in rime between the paflage of a Libise, and ySl ,, , ,, 

UrljE Min. over our line. J 4 O 

Right Afcenfion of /2 UrlJeMin. 7' 12° 54' 6" 
Do. a Librse. - 7 9 46 o 

Diff. - - I 8 6;ntime=o 12 2 9 .2 

Error of the Inie in time - - o o 1 1 .3 



By the above error of 11 ".3 in time, it appears that our 
line was inclined to the weft ^j" in fpace, which was correfted 
on a bafe of 300 perches. 

June 29th about 17 miles north from our firft ftation, we 
correfted our line by the following obfervations. 

Diff. in time between the paiiage of a Librae, and fi Urlfel ^i, ^^, ^ „ 

Minoris over our line. J 

Right Afcenlion of ^ Urfje Min. 7' 12° 53' 50" 
Do. of a Librce. 7 9 46 1 1 

Diff. - - 037 39= in time too 12 30 

Error of the line In time. - - - £ o 13 diff. 

The 

* This line is in the parallel of 39' 43' 18" north latitude. My aflbciates in this part 
of the bufinefs were, Dj-. Rittenhoufe, Dr. Ewing, Mr. Andrews, and Mr. Hutchins. 
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The above difFerence of 13" in time, is equal to an angle of 
I' 5" in fpace, which in this cafe is the error of our line towards 
the eaft, and was correfted on a bafe of 1 10 perches. 

On the 1 6th of July, diftant from our firft pofition 29 miles, 
we examined the direftion of our line by the following ob- 
fervations. 

Dift. in time between the pafTage of y. Sagit. and y\ y, , „ 

Draco, over our line. -- - - j9 0'5 

Right Afcenfion of .« Sagit. 9' o^ 14' 47" 
Do. > Draco - 8 27 54 59 

DIff. - - 2 19 48 = in time to o 9 19 



Error in time - - - - o o 1.5 diff. 

From the above obfervation it appears that our direftion is 
fufficiently accurate, and the fmall error if it can be called one, 
is to the eaft. 

September 3d we made the following obfervations to reftify 
the direftion of our line. 

DifF. in timebetween thepaflage of (J Urfse Majoris, andl ^ 

7-Cephi. overourline. - - . | o 40 2(5 

Right Afcenfion of y Cephi. 1 1' 22" 40' 53' 
Do. of a Urfse Maj . 5 1 2 3^ 18 
DiiF. . . 6 i5 c 35 
Dedua 6'. - 6 

o 10 5 35 = in time to o 40 22 
Error in time . ~. . . 004 difF. 



By this obfervation it appears that our line is direfted too 
much towards the eaft by an angle of 13". 

Diff. in time between the paffageofa Urfae Minoris, and") o'' 5' 8" 

f Urfffi Majoris over our line ... J 

Right Afcenfion of a Urfx Min. o' 12° 34' 13' 
Do. oi a Urfae Maj. 6 11 7 24 



Dedua 


. 


6 I 26 49 
6 




Difference 


. 


I 26 49 r: in time to 


5 47 


Error in time 


- 


. 


39 diff. 



By this obfervation, it appears that our direftion is too much 
eaft by an angle of 23". 



Error 
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Error of the line by « Urfae Majoris, and y Cephi. o 13" 
Do, by a Urfas Min. and i Urfas Majoris. o 23 

2)0 $6 
Mean error towards the eaft 018 
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This correftion of 18" was made on a bafe of 24 perches. 

The fame night, we alfo took the greateft deviation of the 
pole ftar, (a Urfse Min.) and the error difcovered in the line by 
that method did not differ more than i' from a mean of the 
other obfervations.— It is alfo worthy of remark, that we had 
not correfted for fomewhat more than 54 miles : from which a 
conclufion may be drawn very favourable to the method ufed in 
carrying on the line, otherwife the error muft have been more 
considerable in fuch a diftance. 

On the fixth day of Oftober, diftant from our firfl ftation 
90 miles, the direftion of our line was examined by the follow- 
ing obfervations. 

Diff. in time between the paffage of « Urfa Min. and,") 0*4' 56" 
t Urfas Maj. over our line. ' ' • J 



Right Afcenfio 
Do. 

Dedua 
Diff. 


n of « Urfae Min. 
of t UrfK Maj. 


0' 12" 35' 5 1" 

6 II 7 39 

6 I 28 12 

6 

I 28 12 = in time to e 5 53 


Error in time 


57 



The above error in time by a Urfse Min and « Urffe Maj. is 
equal to an angle of 34''^, which was to the weft. This error 
was correfted on a bafe of 48 perches. 

On the 17th of Oftober, diftant from our firft pofition about 
1 00 miles, we examined the direftion of our line by the fol- 
lowing obfervations. 

DilF. in time between the paffage of y Capricorn, and filo^t' t6" 

Cephi over our line - - - - J 

Right Afcenfion of y Capri. to» 22* 3' 9' 

Do. of Cephi. 10 21 27 17 

Diff. - - 00 35 52 =: in time to o 2 23 

Error of the line in time. - . - - 00 7 diff. 



This error in time, (by thofe ftars,) is equal to an angle of 
46''^ which is to the weft. 

F Diff. 
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Diff. in time between the paflage of j8 Urfe Maj. and") u ^, gi 

Fomalhout over our line - - - j 

Right Afcenfion of ^ Urfte Maj. 5' 1 2° 1 1' 4" 
Do. of Fomalhout 11 11 26 34 

6 o 44 30 
Bedua - 6 

DiiF. - - o o 44 30 = in time to o 2 58 



Error of the line in time - - - -002 diff. 



This error of i" in time, is equal to an angle of 10" the error 

of the line towards the weft. 

Diff. in time between the paffage of a Urfae Min. and «1 hg. j 

Urfse Maj. over our line - - j 

Right Afcenfion of « Urfae Min. o' 12' 35' 50* 
Do. of t Urfae Maj. 6 11 7 41 



Dedua 


6 I 28 9 
6 


Diff. 


I 28 9 


Error of the line in time 


- 



28 9 = in time to o 5 53 

o o 41 diff. 



By this laft obfervation, our direftion appears to be inclined 
to the weft, by an angle of 25". 

Error of the line by y Capri, and j8 Cephi. o' 46* 

Do. by ^ Urfae Maj. and Famalhout, o lo 

Do. by » Urfae Min. and « Urfs Maj. o 25 

Mean error towards the weft - o 23-f 



This correftion of 23"-^ was made on a bafe of 40 perches, 
which clofed our operations that feafon.* 

The year following, (viz. in 1786,) the line was carried on 
about 551 miles to Lake Erie by Andrew Porter, and Alexander 
Maclain : in that diftance the direftion was not correfted by any 
obfervations, neither could it appear very neceffary, when we 
confider how trifling, and unimportant all the errors were which 
had been difcovered the preceding feafon.— The line was run 

by 

* Dr. RIttenhoufe, Jofeph NevU, Andrew Porter, and myfelf were con- 
cerned in this line. Jofeph Nevil left us about the 2ift of Auguft, and Dr.. 
Rittenhoufe about the 17 th of September. 
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hj a moft excellent tranfit inftrument, made by Mr. Bird, and 
which had been ufed by MeiTrs Mafon and Dixon, fome years 
before in this country. 

The magnetic variation was taken in many places on this line, 
and was found at our firll ftation at the end of the parallel of 



itude to be 




. 


I' 5' 


5 miles on 


the line it was 


2 3 


1 1 


. 


Do. 


2 10 


14 


- 


Do. 


I 57 


i6i 


- 


Do. 


I 30 


19 




Do. 


I 25 


20 




Do. 


I 12.5 


26 




Do. 


I ^7-5 


29 




Do. 


I 37 


37 




Do. 


I 7-5 


44 




Do. 


57 


47 




Do. 


40 


5» 




Do. 


57-5 


53 




Do. 


50 


57 




Do. 


I 2.5 


631 


- 


Do. 


57-5 


70 




Do. 


51 


75 




Do. 


27.5 


79 




Do. 


^7-5 


90 




Do. 


19.5 


1 00 


- 


Do. 


25 



Eaft. 



The ftatc of Pennfylvania is bounded on the north by the 
42° of north latitude. This line extends from a point on the 
Delaware, (which was fixed by Dr. Rittenhoufe and Captain 
Holland in the year 1774,) and extends weft to Lake Erie: 
it was completed in the years 1786, and 1787- In order to 
carry on the parallel of latitude with as much expedition, and 
economy as poflible, we difpenfed with the method of tracing 
a line on the arc of a great circle, and correfting into the paral- 
lel, as purfued by Meffrs Mafon and Dixon, in determining 
the boundary between this ftate, and the ftate of Maryland, 
and which we followed in completing their line in the year 1784. 
We commenced our operations by running a guide line weft, 
with a furveying compafs from the point mentioned on the 

F 2 Delaware 
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Delaware 2o|. miles, and there correfted by the following zenith 
diflances taken at its weftern termination by a moll excellent 
fe^or, conltrufted, and executed, by Dr. Rittenhoufe.* 

FaceoftheSeSor Eaft, 1786. 
July 21ft Obferved Z. diftance « Lyrx 3° 23' 46".5 S 



Auguft 

July 
Auguft 



22 Do. 


do. _ 3 23 4<5 


S 


23 Do. 


a Cygni 2 3152 


N 


24 Do. 


do. 2 32 I 


N 


2C i ^"• 
*5 \ De. 


do. 2 32 I 


N 


Capella 3 46 55 


N 


■ 5 t Do. 


« Lyra; 3 23 37 


S 


« Cygni 232 5 


N 


F(j<:^ »/;/j« Seaor Wejl, 1786. 




25th Obferved Z. diftance « Lyrse 3° 24' 3 1" 


S 


26 Do. 


Capella 3 45 17 


N 


,^ r Do. 
"9 1 Do. 


do. 3 45 155 


N 


« Cygni 2 31 14.5 


N 


31 Do. 


do. 2 31 16 


N 


I J 1^°' 


Capella 3 45 16 


N 


'1 Do. 


a Cygni 2 31 18.5 
Capella 3 45 17.5 


N 


J I>o- 


N 


"^t Do. 


« Cygni 2 31 19.5 


N 


deduced from the above obfervations 41' 59' 52".7 


pears tliat wre were too 


far fouth by 


7-3 



The correftion being made, the guide line was correfted 
back to the Delaware, and another guide line carried on weft 
191 miles from the correfted point north of our obfervatory, 
at the termination ot which tlie following zenith dillances were 
obferved. 

FaceoftheSea»rEafi, 1786. 

Auguft 17th Obferved Z. diftance « Lyrx 3^" 23' 39".5 S 

18 y Do. do. 3 23 37.5 S 

\ Do. » Cygni 2 32 10.5 N 

f Do. aLyrae 3 23 36.5 S 

^ \ Do. a Cygni 2 32 8 N 

20 Do. a Capella 3 46 1.5 N 

*. At this ftation a nomler of obfervations were rejefted, on account of their difagree- 
mem, which we fortunately difcovered was owing to the atmofphere being affeifted by 
the numerous fires we kept up to keep off the flies, mulketoes, and gnats, which are very 
troablefome in that part of the country. 

I iSfirfethe letters N. S. fignify north and fouth of the Zenith. 

Mean 
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Faci vfthe Sea<yr Wejl, 1786. 

A I ft fl f Obferved Z. diftance a Lyras 3° 24' 22" 
gu 20 x-j^ -Q^ a Cygni 2 31 23 



i 



S 
_ N 

Do. Capella 3 45 16 N 

Do. aLyrae 3 24 23.5 S 

Do. a Cygni 2 31 24 N 



Mean latitude deduced from the foregoing obfervations 41° 59' 53" 
Hence our obfervatory too far fouth by 7 

This correftion being made, we proceeded as in the firft 
cafe, and carried on our guide hne 2 1^ miles, at the termination 
of which we obferved the following zenith diflances. 

Face of the SsHtr Eajl, 1 786. 

September I ft Obferved Z. diftance « Cygni 2° 32/ o" N 

2 Do. do. 2 32 o N 

3 Do. « Lyrae 3 23 47 S 
- r Do. do. 3 23 44.5 S 

\ Do. « Cygni 2 32 1 N 

J- Do. « JLyrx 3 23 45.5 S 

'\ Do. « Cygni 2 31 59 N 

Face of the Sedor Wefl, 1786. 

September 8th Obferved Z. diftance <« Lyra 3° 24' 31'' S 

r Do. a Cygni 2 3 1 1 3 N 

9 -J Do. a Lyrs 3 ^4 33 S 

(. Do. a. Cygni 2 3 1 1 5 N 

10 Do. do. 2 31 12 N 

Mean latitude deduced from the above obfervations 42° o' 3.8" 
Too far north by 3-8 



The above correftion of 3 ".8 being laid off, we proceeded 
as formerly, and carried on our guide line 28^ miles, and ob- 
ferved the following Z. diflances at its termination. 

Face of the Senior Eajl,, 1786. 

c . u J f Obferved Z. diftance aLvrx 3^ 23' 36" S 
September a2d | ^^ ^ Cygni 232,6 N 

f Do. «Lyrx 3 23 34.5 S 

•'\ Do. « Cygni 2 32 12 N 

f Do. « Lyrae 3 23 35 S 

^\ Do. « Cygni 2 32 16.5 N 

Face 
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Face of the Seaor Weft, 1786. 

September 27th I Obferved Z. diftance « Lyrae 3- 24' 231.5 S 
"^ ' t Do. « Cygni 2 31 23.5 N 



28 Do. 


do. 2 31 24 N 


'9 i Do. 


« Lyra; 3 24 22.5 S 


•t Cygni 2 31 26.5 N 


3°i Do. 


• Lyrae 3 24 24.5 S 


« Cygni 2 31 26.5 N 


Mean latitude by the above obfervations 


41" 59' 55".2 


Too far fouth by 


4.8 



The correftion being made and our guide line corrected back, 
we ceafed our operations for that feafon. 

In June the year following we carried on our guide line 19I 
miles and at its termination made the following obfervations. 

Face of the SeBor Wejl, 1787. 



20 

21 

22 

24 
Jane 26th 

28 



* Note the Zenith diftances are entered according to the civil account, and therefore a 
l.yraB by Cderial time gaining 3' 56'' on mean folar time, was twice on the meridian that day. 

June 



9 C 


)bferved Z. diftance Capella 3" 45' 2".c N 


r 


Do. 


* Lyrae 3 24 54 S 


J 


Do. 


>Androm. 42 35 S 


1 


Do. 


Capella 3 45 2 N 


1 


Do. 


* Cygni 2 30 55,5 N 


■ 


Do. 


« Lyras 3 24 53.5 S 


• 


Do. 


/Cygni 2 36 30.5 N 


. 


Do. 


« Cygni 2 30 56 N 


• 


Do. 


y Androm. 42 35.5 S 


Do. 


Capella 3 45 1.5 N 


(■ 


Do. 


<t Lyra 3 24 50.5 S 


. 


Do. 


<f Cygni 2 36 31.5 N 




Do. 


« Cygni 2 30 57,5 N 
Capella 3 45 0.5 N 


, 


Do. 


. 


Do. 


« Lyrae 3 ^4 53 S 


Do. 


<f Cygni 2 36 30 N 




Do. 


Capella 3 44 59.5 N 




Face cf the Seaor Eqft, 1787. 


r 


Obferved Z. diftance « Lyr« 3" 24' 9".^ S 


) 


Do. 


« Cygni 2 31 37.3 N 


1 


Do. 


> Androm. 41 52.5 S 


L 


Do. 


Capella 3 45 4^ N 




Do. 


« Lyrae* 3 24 7 S 




Do. 


/Cygni 2 37 13 N 


< 


Do. 


• Cygni 2 31 39 N 




Do. 


Capella 3 45 44 N 


. 


Do. 


« Lyras 3 24 6.$ S 
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r Obferved Z. diftance *■ Cygni 2° 37' i6".5 N 

Tune2Qth) ^'*- * Cygni 2 3144.2 N 

june29tn-j -^^ j.Androm.o 41 53.2 S 

L Do. Capella 3 45 44 N 

Mean latitude by the foregoing obfervations 42'* o' 12.4" 

Too far north by - - - 12.4 



The above corre£tion being made we carried on our guide line 
261 miles, and at its termination obferved the following Zenith 
diftances. 

Face of the Seaor Weft, 1787. 

Obferved Z. diftance y Androm. 0° 42' 40" .5 S 
July 7th \ Do. Capella 3 44 54 N 



10 



12 



{ 



{ 

'A 



Do. «Lyrae 3 24 47 S 

8 Do. Capella 3 44 52 11 

9 Do. « LyrsB 3 24 48 S 
Do. « Cygni 2 31 22 N 
Do. Capella 3 44 54 N 

r Do. y Androm. o 42 41 S 

1 1 -J Do. Capella 3 4453.7 N 

t Do. « Lyra 3 24 47.5 S 

Do. <f Cygni 2 36 33 N 

Do. « Cygni 2 30 58 N 

Do. <C Cygni 2 36 32 N 

Do. « Cygni 2 3 1 i N 

Do. Capella 3 44 56 N 

Face of the Senior Eafi, 1787. 

July 13th Obferved Z. diftance « Lyra 3" 24' 2" S 

r Do. y Androm. o 41 53 S 

14 J Do. Capella 3 45 37.9 N 

t Do. « Lyras 3 24 i S 

r Do. « Cygni 2 3' 45 N 

*•? \ Do. Capella 3 45 40.3 N 

, r Do. « Lyiae 3 24 2 S 

^°\ Do. /Cygni 2 37 20.5 N 

r Do. « Cygni 2 31 45.2 N 

J Do. }- Androm. o 41 54 S 

*7j Do. Capella 3 45 4' N 

L Do. /Cygni 3 37 17.4 N 

r Do. y Androm. o 41 54.2 S 

18 ■{ Do. Capella 3 45 39 N 

t Do. i Cygni 2 37 20 N 

{Do. « Cygni 2 31 41.7 N 

Do. Capella 3 45 40 N 



Mean 
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Mean latitude of our Obiervatory • 42°©' 15" 

Too far north by . . . i^ 



The above correftion being made, we carried on the guide 
line 304. miles, and at its termination obferved the following 
Zenith diftances. 

Face efthe SeSor Weft, 1787. 

Auguft 7th ( Ol'f«'-^«'i Z. dlftance - Lyra= 3' 23' 53".4 S 

° ' t Do. « Cygm 2 31 55.5 N 

r Do. Capella 3 45 38.7 N 

8 -J Do. J'Cygni 2 37 30.1 N 

C. Do. « Cygni « 31 57 N 

9 Do. y Androm. o 41 49. j S 

10 Do. « Lyrse 3 23 53.2 S 
C Do. » Lyra 3 23 J3.8 S 

11 \ Do. cf Cygni 2 37 33.6 N 
C. Do. « Cygni 2 3 1 54.6 N 
r Do. Capella 3 45 38.6 N 

12 -J Do. « Lyra 3 23 52.4 S 

Do. « Cygni 2 31 57.2 N 

Do. y Androm. o 41 47.5 S 

Do. Capella 3 45 36.5 N 

ii\ Do. a Lyrs 3 23 51.8 S 

Do. <f Cygni 2 37 3' -3 N 

Do. a Cygni 2 31 58.4 N 

14 Do. Capella 3 45 41.5 N 

Face of the Seaor Eafi, 1787. 

r Obferved Z. diftancc » Lyra 3<* 23' S'.j S 

Auguft 14th -J Do. /Cygni 2 38 20.7 N 

(. Do. « Cygni 2 32 45.6 N 

Do. y Androm. o 41 0.7 S 

Do. » Lyra 3 23 1 1 S 

Do. rf' Cygni 2 38 22.6 N 

Do. y Androm. o 41 2 S 

Do. « Lyra 3 23 10.5 S 

Do. ^ Cygni 2 38 23.7 N 

Do. oe Cygni 2 32 42.5 N 

Mean latitude of the obfervatory . - 4i®59'27°.5 

Toofarfouth by . - 32.5 



■A 



Corre^ed as formerly, and carried on the guide line 28| 
miles, and obferved the following Zenith diftances. 



Face 
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Faceofthe SeBor Wejl, 1787. 



45 



Auguft 25th 


Obferved Z. diftance S' Cygni 2" 36' 38".3 N 


21S 


f Do. 
Do. 


;8 Medufae i 53 12.5 S 


^KJ 


Capella 3 44 47.9 N 




Do. 
Do. 
Do. 


a Lyras 3 24 45.7 S 


27 


/Cygni 2 36 39 N 




« Cygni 2 31 8.4 N 


1 


r Do. 


Capella 3 44 49.2 N 


30, 


Do. 


a. Lyrae 3 24 42 S 


1 


Do. 


« Cygai 231 6.5 N 




f Do. 


> Androm. 42 32.9 S 




Do. 


jSMeadufas I 53 15.9 S 


31 


Do. 


< Lyrge 3 24 44.9 S 




Do. 


J' Cygni 2 36 41.5 N 




Do. 


« Cygni 2 31 10.2 N 


Sept. 2d 


Do. 


/3 Medu(k I 53 1 1.3 S 




Face of the Seilor Eaji, 1787. 




■ Obfenred Z. diftance « Lyrse 30 23' 58'.2 S 


September zd ■ 


Do. 


./Cygni 2 37 24.5 N 




Do. 


-Cygni 2 31 55.4 N 




Do. 


> Androm. 41 50.6 S 


3 


I>o. 


«Lyrae 3 23 59.2 S 


Do, 


/Cygni 2 37 27.5 N 




Do. 


« Cygni 2 31 56.6 N 




' Do. 


yAndrom.o 41 47.4 S 




Do. 


/SMedufe I 52 26.8 S 


4' 


Do. 


Capella 3 45 31.5 N 




Do. 


• Lyr« 3 23 57.8 S 




Do. 


J^ Cygni 2 37 28.8 N 


« 


Do. 


• Lyras 3 23 58.4 S 


Do. 


/Cygni 2 37 29 N 




Do. 


jSMedufz I 52 28.5 S 


7 ■ 


Do. 


« Cygni 2 31 56.4 N 


8. 


Do. 


j3 Medufx I 52 27.8 S 


Do. 


Capella 3 45 31.1 N 


9 


Do. 


do. 3 45 35 N 


Mean latitude of tt 


w Obfervatory 


42»o'2il.j 


Too far north bj 


r 


21.5 



The above correftion being made, we carried on the guide 
line 321 miles, and obferved the following Zenith diftances. 

Face of the Seaor Wejl, 1787. 

r Obferved Z. diftance « Lyrss 3* 84' 3 1 ".5 S 

September 2 ift< Do. /Cygni a 36 54 N 

I Do. « Cygni 2 31 28.3 N 

G Sep. 2 2d 



46 
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' Obferved Z. diftan< 


:e;8Meduf£e i0 52'57".9S 


September 22d- 


\ Do. 
1 Do. 


Capella 3 45 4.3 N 
aLyrae 3 24 31.5 S 




' Do. 


« Cygni 2 31 28.3 N 




Do. 


>Androm. 42 21.7 S 


23- 


Do. 


« Lyras 3 24 32.9 S 


Do. 


i' Cygni 2 36 58.5 N 




Do. 


et Cygni 2 31 25 N 




Do. 
Do. 


Capella 3 45 1.2 N 


24 ■S 


■f Cygni 2 36 55.5 N 


Do. 


« Cygni 2 31 28.6 N 


25 


Do. 


Capella 3 45 2.5 N 


Oaobcr2{ g- 


T-Androm. 42 19.5 S 
^ Medufae i 53 0.3 S 




Face of the Seaor 


Eajl, 1787. 




r Obferved Z. diftance « Lyrae 3=2?' i,6".i, S 


September 25th ^ Do. 


/Cygni 2 37 45.8 N 




L Do. 


« Cygni 2 32 14.5 N 




r Do. 


• Lyrae 3 23 43.5 S 


26 <i Do. 


cP Cygni 2 37 42.5 N 




L Do, 


» Cygni 2 32 14.9 N 


27 1 ??°- 


«Lyrae 3 23 42.9 S 


27 


L Do. 


.fCygni 2 37 41.3 N 


28 1 ^°- 


tf Cygni 2 37 41.3 N 


^Q 


L Do. 


« Cygni 2 32 11.2 N 


29 


Do. 


j-Androm. 41 39 S 




Do. 


j-Androm. 41 38.7 S 




Do. 


/3 Medufae i 52 12 S 


30. 


Do. 


Capella 3 45 47.2 N 


Do. 


«Lyrae 3 23 46.2 S 




Do. 


rf' Cygni 2 37 42 N 




Do. 


• Cygni 2 32 13 N 




Do. 


^Andromo 41 35 S 


O«aober i . 


Do. 


j8 Medufae i 52 11. 5 S 




Do. 


Capella 3 45 45.6 N 


[ean latitude of d- 


e Obfervatory 


42"©' 10*. 8 


Too far north b; 


r 


10 .8 



Corrected as formerly, and carried on our guide line 32^ 
miles, to Lake Eric, and obferved the following Zenith dif- 
tances. 



Oftober 8th 



Faceofth€Seaor Wejl, 1787 

{ Obferved Z. diftance <f Cygni 2' 37' i2".9 N 
Do. « Cygni 



2 31 40.5 



N 

oa. 9th 



ASTRONOMICAL OBSERVATIONS. 



47 



©(Sober 9th 



loi 



II i 



13 



14 



15 



Odlober 15 



16 



17 



18 



'9 



Obferved Z. diftan 


:ey Androm. o°42' i".g S 


Do. 


k Medufe I 52 43.8 S 


Do. 


Capella 3 45 18.1 N 


Do. 


jSMedufas i 52 44.5 S 


Do. 


Capella 3 45 13 -5 N 


Do. 


aLyra: 3 24 17.4 S 


Do. 


J^Cygni 2 37 11.4 N 


Do. 


• Cygr.i 2 31 41.3 N 


Do. 


> Androm. 42 2.4 S 


Do. 


jBMedufas I 52 47 S 


Do. 


« Lyras 3 24 15.3 S 


Do. 


aCygni 2 31 37 N 


Do. 


/8 Medufae i 52 42.8 S 


Do. 


Capella 3 45 13.8 N 


Do. 


« Lyiae 3 24 21.5 S 


Do. 


•cCygni 2 37 10.2 N 


Do. 


• Cygni 2 31 41.5 N 


Do. 


7 Androm. 42 1.6 S 


Do. 


^Medufx I 52 47.1 S 


Do. 


Capella 3 45 17.6 N 


Face of the Seffor EaJI, 1787. 


Obferyed Z. diftance « Lyrae 2« 23' 34".? S 


Do. 


.fCygni 2 37 54.5 N 


Do. 


aCygni 2 32 25.4 N 


Do. 


y Androm. 41 14.2 S 


Dow 


Medufa: i 52 0.4 S 


Do. 


Capella 3 45 58.5 N 


Do. 


j8 MadufaB i 5 1 59.9 S 


Do. 


«Lyr» 3 23 34.9 S 


Do. 


rfCygni 2 37 57 N 


Do. 


« Cygni 2 32 27.6 N 


Do. 


Capella 3 45 58.2 N 


Do. 


« Lyrae 3 23 31,2 S 


Do. 


<f Cygni 2 37 55.2 N 


Do. 


« Cygni 2 32 24.7 N 


Do. 


y Androm. 41 13.2 S 


Do. 


/8 Medufx I 51 58.4 S 


Do. 


* Cygni 2 37 51. 1 N 


Do, 


• Cygni e 32 25.9 N 


Do. 


y Androm. 41 13.3 S 


Do. 


^Medufae i 51 57^4 S 


Obfervatory by the above obfervations 410 59' 58" .7 


" 


I .3 



Too far fouth by 

The above correftion being made, completed the Aflrono- 
raical boundaries of the State of Pemifylvania. 

G 2 My 
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My aflbciates in tracing the north boundary of Pennfylvania 
were Dr. Rittenhoufe, James Clinton, and Simeon De Wit, 
in the year 1786. The firft of thofe gentlemen left us in the 
beginning of September. — ^The year following my aflbciates 
were Andrew Porter, Abraham Hardenberg, and William 
Morris. 

I have omitted the calculations, and given only the refults, 
for the following reafons, jirjl they would have fwelled this 
paper to a great \tx\.p}a^ fecondly no difficulty can arife in making 
them, to any perfon moderately acquainted with praftical aftro- 
Tiomy, except in thofe fraall equations depending upon the ef- 
fefts of aberration and nutation, which from the prefent im- 
proved ftate of this fcience, have become abfolutely neceflary ; 
and thirdly becaufe I intend concluding this paper, with a 
fiiort eflay defigned to render eafy fo much of the calculations, 
as depend upon the effefts of aberration and nutation. 

The following emeriions of the ift Satellite of Jupiter were 
abferved in Baltimore, in the State of Maryland. The tele- 
fcope which I ufed was acrcanatic, and magnified about 60 
times. 

January 1788, a"* 8*" 6' a3"hazyatmofphere'1 

9 10 o 14 very clear C Mean Time 

18 6 23 57 do. f ^^^'^ ^""*' 

25 8 18 54 do. J 

Obfervatiohs made at Georgetown, in the diftrift of Co- 
lumbia on the annular eclipfe of the Sun in the year 1791. 

The beginning of the eclipfe could not be obferved, the fun 
being below the horizon. 

r iS"" 39' I '.25 annnlas completed! 
April 2d < 18 43 15 .25 annulas broken > Mean Time. 
(.19 SS 37 .75 end of the eclipfe J 

From an uncommon undulation in the atmofphere till towards 
the end oi the eclipfe, I cannot pretend to be certain within 
two or three fcconds of the completion, and breaking of the an- 
nulas ; but the end may be relied on as corrcft. The lat. of 
Georgetown is about 38° 55' N. 

In the city of Wafliington lat. 38° 52' 40" N. I obferved the 
following occultation of Aldebaran by the Moon. 

eTSI '»•"' ■?« {'„" t % tf:?} '^'»'"'" ■'•^ 

A number 
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A number of the eclipfes of the firfl Satellite of Jupiter, 
together with a great proportion of my notes relative to the 
city of Wafliington, were privately taken from my lodgings in 
Georgetown, otherwife they (hould have appeared in this 
paper. 

As the city of Wafliington from its fliortly becoming the 
permanent feat of the government of the United States, muft be 
an objeft of importance, I prefume it will not be unacceptable 
to give fome account of the method ufed in laying out the ten 
miles fquare, and executing the plan of the city.— Preparative 
to beginning the ten miles fquare, a meridian was tracea at 
Jones's Point on the weft fide of the Potomak: from this 
meridian an angle of 45° was laid off north-wefterly, and a 
ftraight line continued in that direction ten miles ; from the 
termination of this line making a right angle with it, a ftraight 
line was carried north-eafterly ten miles : from the termination 
of this fecond line, a third making a right angle with it was 
carried foutb-eafterly ten miles ; and from the beginning on 
Jones's Point, a fourth was carried ten miles to the termination 
of the third. Thefe lines were meafured with a chain which 
was examined and correfted daily, and plumbed wherever the 
ground was uneven, and traced with a tranfit and equal altitude 
inftrument which I conftrufted and executed in 1789, and 
ufed in running the weftern boundary of the State of New 
York. This inftrument was fimilar to that defcribed by M. 
Le Monnier in his preface to the French Hiftoire Celefte ; ex- 
cept in being accommodated to a firm portable triangular frame. 
The tranfit and equal altitude inftrument is of all others the 
moft perfeft, and beft calculated for running ftraight lines, and 
when the different verifications are carefully attended to, may 
fafely be confidered as abfolutely perfeft. The lines of the ten 
miles fquare were opened forty feet wide, and a mile-ftone fet 
up at the termination of each mile where the ground would 
admit of it, and marked with the magnetic variation at that 
particular fpot. 

In order to execute the plan of the city, a meridional line 
was drawn through the area intended to be occupied by the 
Capitol, and croffed at right angles by another line paffing 
through the fame area ; thefe lines were continued to the ex- 
tremities of the city, and became the bafis on which the moft 

confidcrable 
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confiderable part of the plan was executed. 1 firft endea- 
voured to lay off the parallels with a chain ; but from its great 
uncertainty, owing to its expanfion and contraftion with heat 
and cold, and the bending and ftraightening of the links, 
was under the neceffity after making many trials of laying it 
wholly afide, and in its place made ufe of wooden m.eai"uring 
rods, formed like a carpenter's fquare : thefe rods were truly 
graduated, and accommodated with plummets and Aiders, by 
the due management of which, the meafurements were always 

horizontal. After adopting the ufe of the rods I had but one 

difficulty for fome time to contend with, which was the tallies 
being fometimes returned erroneous for want of the neceffary 
care in the meafurers. The next difficulty was of a much more 
ferious nature ; it was the points of interfeftion of fome of the 
leading avenues which fixed the pofition of other flreets being 
moved. Upon making this difcovery I at firfl: fufpefted that 
it had been done by fome perfon, or perfons through inadver- 
tence ; but from fubfequent events am inclined to think it was 
the effeft of defign. I have mentioned this circumftance to 
fliew the neceffity of a conftant attention in thofe intruded with 
the execution of fuch complicated plans to the pofition, and 
fituation of all the leading points. 

After the principal avenues were fixed, great part of the work 
could be examined and corrected with mathematical exaftnefe, 
and the fmalleft error in any of the meafurements detefted with 
certainty. 

The following are the the inclinations of feveral of the lead- 
ing avenues to the meridian. 

Maffachufetts avenue eaft of ift ftreet weft, and North"! 
Carolina and Georgia avenues, make an angle with the ^ 62' 29' 32" 
meridian of - - - J 

Virginia avenue eaftward from the place where the Equef- "1 
trian Statue of General Wafliington is to be placed, makes an ^ 70 18 5 
angle with the meridian of - - J 

Pennfylvania and Maryland avenues, eaft of the capitol, \ , 



make an angle with the meridian of 

Kentucky and an avenue not yet namecK make an anprle f 

• \ \ ^ f f ° c ^X 00 CO 

with the meridian of : - - j oj 

Water ftreet between 7th and 12th ftreets weft, makes an? 

angle with the meridian of . - - j 44 49 5 

New Jerfey and Delaware avenues, make an angle with 7 

the meridian of - . - - ^5 43 4 

Pennfylvania 
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Pennfylvania avenue between the capitol and Prefident's 1 
Houfe, and Maryland avenue weft of the capitol make an > 70" 30' 23' 
angle with the meridian of - - j 

All the lines of the city in which I have been concerned 
were traced with the fame inftrument which I ufed on the lines 
of the ten miles fquare, but as the northern part was not finifli- 
ed when I left that place, I cannot pretend to fay what method 
has been fmce purfued. 

This paper being already carried to a greater length than I 
at firft intended, (but upon looking over my notes I find it is 
yet fliort of what was originally defigned for the fociety,) I 
mufl therefore in confequence of numerous avocations, referve 
the remainder for a future communication, and proceed to the 
fubjefts of aberration and nutation. 



N°. VII. 

Of the Aberration of the Stars, Nutation of the Earth'' s Axis, 
and Semiannual Equation, by Andrew Ellicott. 

PART SECOND. 

Of the Aberration of the Stars. 

Read AprilT'HE aberration of the ftars is their fmall apparent 
3. 1795- X. motion occafioned by the velocity of the Earth 
in its orbit bearing a fenfible proportion to the velocity of 
light. To give an idea of this eiFeft, fuppofe an infinite number 
of particles of matter moving in the direftion of A towards B 
(Fig. I Plate I.) at the fame time fuppofe the tube a to be 
moving towards C and preferving its parallelifm ; then if the 
velocity of the tube a towards C bears no fenfible proportion 
to the velocity of the particles moving from A towards B, a 
particle which enters the centre of the tube at top will fall 
upon the centre at the bottom. But if the velocity of the tube 
towards C bears a fenfible proportion to the velocity of the 
particles moving from A towards B, then the particles which fall 

into 
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into the centre of the tube at top will not fall upon the centre 
at the bottom, unlefs the tube fliould be inclined towards the 
moving particles like the tube b, which inclination muft be more 
or lefs as the velocity of the tube in croffing the direftion of the 
particles, is more or lefs fenfible when applied to their velocity. 
Now fuppofe thefe particles to be rays of light, iffuing from a 
ftar, the line DC a portion of the Earth's orbit, and the tube a a 
telefcope, then from the theory it is manifeft, that if the velocity 
of the Earth in its orbit, bears a fenfible proportion to the 
velocity of light, the telefcope muft have a direftion which will 
vary from the true place of the ftar, in order to bring the light 
through the vifual axis of the inftrument. 

From the ratio of the velocity of the Earth in its orbit, to 
the velocity of light, a ftar may poffibly appear 20 from its 
true place, which has alfo been confirmed by celeftial obfer- 
vation, and is the full aberration ; but this quantity in decli- 
nation, and right afcenfion, will only be had in ftars particular- 
ly fituated, as in the poles of the ecliptic for declination, and 
in the folftitial colures for right afcenfion. A ftar fituated in 
either pole of the ecliptic, will apparently defcribe a circle 
round its true place, whofe radius is 20''' ; and in the ecliptic 
apparently vibrate backward and forward in its plane, in a 
ftraight line whofe length is 40". In whatever figure the eclip- 
tic would be proiefted when viewed from a ftar, that ftar will 
apparently defcribe a fimilar one, which muft be either a 
ftraight line a circle, or an ellipfe.— A ftraight line if the ftar 
is in the ecliptic, a circle if in either pole of the ecliptic, and if 
in either of the intermediate fpaces an ellipfe, whofe femitrant 
verfe will be 20', and femi-conjugate the fine of the ftar's lati- 
tude, making radius, or the fine of 90° equal to 20.— —fo far 
for the theory. 

It will be advifible for thofe not conftantly in the habit of 
making the calculations, to begin by projefting the cafe, which 
may be done as follows. For an example take /» Medufa?, 
whofe longitude is i' 23° 13', and latitude 22" 28' north.— 
From any fcale of equal parts take 20, and with that extent 
for a radius defcribe the circle ABCD, (Fig. 2 Plate \.) through 
which at right angles to each other, draw the diameters AC, 
and BD : let BD be the tranfverfe diameter of the ellipfe. 
Then for the conjugate fay 
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As rad. or fine of 90" . - I,og. lo.oooco 

Is to 20 the equal p:irts contained in rad. Log- i-Soio;; 

So is the fine of the lat. 2Z° 28' - Log. 95822;^ 

To 7.6 the equal parts cont. in the femi-conjugate Log. 0.81)320 

From the fame fcale of equal parts take 'j.6^ and from the 
centre of the circle at E, apply this diftance each way on the 
diameter AC : fuppofe those points to be at F, and G, then 
will FG, be the conjugate diameter of the ellipfe BFDG ap- 
parently difcribed by the ftar. The ellipfe muft be divided 
fimilar to the ecliptic into fi.^ns, &c. to fliew the Sun's place. 
This divifion muft begin from the longitude of the ftar, for 
which the projedion is made, which in the prefent cafe is i' 23" 
1 3' at the point F. — From the point A in the primitive circle 
lay off 23° 13', (the excefs of the ftar's longitude above 1%) 
towards B, to the point % : then from the point z, draw the 
occult line zi to the periphery of the ellipfe parallel to AC, 
and the place of the firft fign will be had — ^next from the point 
z, in the primitive lay off ^o" or one fign each way, and from 
thofe points, as in the firft cafe, draw parallels to AC, meeting 
the periphery of the ellipfe, and the pofition of 0% and 2' v/ill 
be had : In this manner the whole periphery of the ellipfe may 
be graduated into figns, and degrees if the projeftion Ihould be 
fufficiently large. 

The next requifite is to draw the meridian of the ftar through 
the centre of the projeftion. In order to do this, the angle 
made by the interfeftion of the circle of the ftar's longitude, 
wdth the circle of its right afcenfion, muft be determined ; 
which in the prefent cafe is about 18° 11': this quantity muft 
be laid off in the primitive from A to M, towards B* : then 
from M through the centre of the projeftion draw MEP cutting 
the ellipfe in the point u, and it will be the meridian required. 

From a little confideration it will be eafy to conceive that the 
efFeft of aberration will always be found three figns behind the 
Sun's place — hence the aberration anfwering to 2 of the Sun's 
place, muft be eftimated at ii* and the occult line En, 

* It may be obferved for a general rule that when the right afcenfion of 
the ftar is lefs than 3' and more than 9' the meridian muft be laid off from 
A towards B; wien more than 3" and lefs than 9' from A towards D. 

H will 
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will be the apparent diftance of the ftar from its true place. 
From 1 1 draw up perpendicular to the meridian of the ftar, 
and that diftance will be the aberration in right afcenfion, which 
is always at rigiit angles to the meridian, and the diilance E^, 
on the meridian will be the effeft in declination. — The firft mea- 
fured on the fcale by which the projeftion was made, will give 
18 '.62, and the latter about 7 ".12 : But the firft muft be re- 
duced to the eciuator, which may be done various ways, but 
the moft expeditious is by multiplying it into the natural fecant 
of the ftar's declination, which will give 24*. 34, the eifeft of 
aberration in ri^ht afcenfion anfwering to 2' and 8 of the Sun's 
place ; but with contrary figns of application*. If the pro- 
jection Ihould be large, this method will anfwer for common 
purpofes, but when great accuracy is required, the quantities 
muft be determined by calculation. For this purpofe, draw the 
diameter RS, at right angles to the meridian, and cutting the 
cllipfe in the point m. Then in the right angled fpherical 
triangle mEMfj right angled at E, it will be neceflary to find 
the arcs mF, Ym, and the angles 7«mE, wwE. — The angle 
ffl«E muft be firft obtained by folving the right angled fpherical 
triangle EFw, right angled at F. — the arc EF being 22 28' the 
latitude of the ftar, and the angle FEm 18" ii'. From thefe 
data, the angle F«E will be found 73° 21' — the arcFw 7° 9 — 
the angle FotE 28° 31', and the arc F« 49' 21. — ^To find the 

aberration in right afcenfion anfwering to 2' and 8 , 3' and 

9% 4' and 10' &c. in the projeftion, add to the log. fine of 

the angle EmF = 73° 21' the log. of 20, and from that fum 
deduft 10 for a conftant log. to the conftant log. add feparately, 
the log. fines of the arcs m2, ^3, M4, &c. from each of thefe fums, 
deduft 10, and the numbers anfwering to the log. remainders, 
will be the values of 2/j, 3/, 10/, &c. Each of thofe values 
being multiplied by the natural fecant of the ftar's declination, 
will give the effeft in right afcenfion, as in the following ex- 
amples. 

* The algebraic figrs of + plus, and — minus. 

f An ellipfe may be confidered a circle in the orthographical prnjeftion of 
the fphere, the femi-conjugate being the co-{in« of the circle's elevation above 
the primitive. 

Angle 
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In this manner the calculations may be expeditioufly made for 
any degree of the Sun's place in the ecliptic. 

The aberration in right afcenfion is additive, when a point 
y behind the Sun's longitude falls on the left fide of the 
meridian of the liar ; the right afcenfion, or point M, being 
held from you; but negative when the point falls on the contrary 
fide of the meridian. 

The foreeoins equations when tabled will Hand as follows : 

H 2 Sun's 
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Sun's Long, o' — 1 7^.62 


+ 


6» Sun's Long 


I 24.15 




7 


2 24.34 




8 


3 18.10 




9 


4 7-03 




10 


5 + 6.35 


— 


II 


6 17.62 








To obtain the aberration in deciination, the angle Emu is to be ufed ift 
the fame manner the angle Earn was in the cafe of right afcenfion ; and the 
perpendiculars 3'n, 2*0, iV, o^v, and i iV, let fall upi n the dian-eter at right 
angles to the meridian of the ftar, will be the equations required. 
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The aberration in declination is negative, when a point 3' 
behind the Sun's longitude, falls on the lame fide of a diameter 
at right angles to the meridian of the ftar, with the liar's right 
afcenfion or point M ; but the contrary is to be obferved when 
the point falls on the oppofite fide. The foregoing equations 
when tabled will ftand as below. 



Sun's 


Long, 


, OS 
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2 
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I .96 — 
. 2 .98 + 
7 .12 

9-35 
9.07 
6.36 
I .96 


■ & 

7 
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9 
10 

II 




Sun's 


! Long. 



Of Nutation. 

THE nutation or libratory motion of the Earth's axis is occa- 
fioned by the inclination of the Moon's orbit to the ecliptic, 
and the retrograde revolution of her nodes ; which is performed 
in about 1 8 years and 7 months. On which account the aftion 
of the Moon on the equatorial, or longer diameter of the Earth, 
is not uniform, and mufl therefore from the principles of gra- 
vity produce a motion in the Earth's axis, which will be ap- 
parently in the flars. For the completion of this dilcovery, 
we are indebted to the very laborious, and ingenious Dr. Brad- 
ley.* This efFeft of the Moon has been fettled by a feries of 
accurate Obfervations, and therefore not to be confidered as a 
fpeculative argument in favour of the Newtonian Philofophy ; 
but an abfolute confirmation of it. 

It mufl: be evident from the theory, that the poles of the 
equator will complete a retrograde revolution about the mean 
poles, in the fame period which completes a revolution of the 
Moon's nodes : But as the aftion of the Moon on the equatorial 
diameter of the Earth, will be fomewhat varied in ditierent 
fituations of her nodes, this revolution of the poles will not be 
performed in a circle, but a fmall ellipfe, with the tranfverfe 
diameter lying in the folftitial colure, and amounting to 19 .1, 

* Vide his paper upon this fubjeifl in VoL 45, N* i. of tlie Tranraiflioiis 
of the Royal Society. 

and 
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and the conjugate in the equinoftial colure, and has been fettled 
at 14 .2. — Let P (fig. 3 Plate I.) reprefent the mean northern 
axis of the earth. — AB a portion of the folftitial colure, and 
CD a portion of the equinoftial colure. — From P, each way on 
AB, lay off 9.55, fuppofe to F, and G, then from the fame 
point P, lay off each way 7.1, fuppofe to E and H, through 
FHGE defcribe an ellipfe, and it will reprefent the path def- 
cribed by the axis of the Earth. When the Moon's afcending 
node is in the beginning of r, the northern axis of the Earth 
will be at F, when the fame node is in the beginning of v' , the 
pole will be at H. — conftantly 3' before the Moon's afcending 
node. From thefe elements it is evident, that the obliquity of 
the ecliptic mull be fubjeft to a periodical change, being greater 
by 19 .1, when the Moon's afcending node is in r, than when 
in ii : and the equinoftial points will alfo be fubjeft to an equa- 
tion, which will be a maximum when the Mnn's afcending node 
is in the beginning of 35 and vf j this equatic:i is common to all 
the ftars. 

As in the cafe of aberration, it will be proper to make the 
calculations from an orthographical projeftion. — From any fcalc 
of equal parts take 9.55, and with that diftance for a radius 
defcribe a circle, which divide into twelve equal parts for the 
figns in right afcenfion ; which defignate by numericd letters; (as 
in Fig. 4, Plate I.) join III, and IX with a diameter, to repre- 
fent a portion of the folftitial colure ; and O, and VI, for a 
portion of the equinoftial colure, from the centre C, towards 
O, and VI, lay off 7.1, and defignate thofe points by o, and 
6, then through the points o. III, 6 and IX, defcribe an ellipife; 
which mult be divided fimilar to the primitive anfwering to the 
places of the Moon's afcending node ; and to prevent confufioa 
in the explanation, it will be convenient to defignate the figns by 
figures. 

To apply & Medufae to the projeftion,* lay off its right afcen- 
fion I' 13° 43' from 0% in the primitive, according to the order 
of the figns to the point A, then from A, through the centre 
C, draw the diameter AB for the meridian of the ftar ; which 
crofs at right angles by the diameter DE. This being done, 

* This projeftion will ferve for any ftar^ on which account it differs from 
a projection for aberration. 

fuppofe 
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fuppofe the place of the Moon's afcending node to be at i, and 
the pole of the Earth being 3' before the Moon's afcending node, 
will be at 4' in the ellipfe : and the occult line 4 a, at right 
angles to the meridian of the ftar, will be the nutation in right 
afcenfion anfwering to 1% and 7% of the longitude of the Moon's 
afcending node, but with contrary figns of application. The 
diftance C a, or the occult hne 4 b, in the direction of the meri- 
dian will be the nutation in declination. The diftance 4 a, mea- 
fured on the fame fcale by which the projeftion is made, will 
give 8 .44, and the diftance 4b will give 3 .15: But the firft 
muft be reduced to the equator, which is moft conveniently 
done by multiplying it by the natural tangent of the ftar's de- 
clination. 

When great accuracy is required, recourfe muft be had to 
calculation, which may be done in the fame manner as purfued 
in aberration. It has already been obferved that an ellipfe may 
be confidered as a circle in the orthographical projeftion of the 
fphere, and therefore the arc C 0, which is the meafure of the 
angle C 3 0, will be had by adding 10, to the log. of 7.1, and 
from that fum dedufting the log. of 9.55 the remainder will be 
the log. fine of the arc C which will be about 48" 2'. Then 
in the right angled fpherical triangles Cog, and Coe, right an- 
gled at Of it is required to find the angles Cgo, Ceo, and the 
axis og, oe, the angle oC^ being the right afcenfion of the 
ftar, and the angle oCe its complement, and therefore both 
given. The angle C^owill be 62" 28', the arc 0^ = 35" 
25 , the angle C ^0 = 61' 6', and the arc 0^ = 37" 52 . Thefe 
being the neceflary requifites, the nutation in right afcenfion 
will be had as follows 

To - 9 5S ■ Log. 0.98000 

Add angle C^ 9= 62° 28' - Log S. 9.94780 



Dedua 


- 
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10.92780 
10 




0,92780 


Conftant 

Add arc ^ I =: s° 25' 


- 


Log. 
Log. S. 


0,92780 
8.97496 

9.90276 
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In applying the nutation in right afcenfion, obferve this 
general rule, that when a point 3 before the longitude of the 
Moon's afcending node, falls on the right fide of the meridian 
of the ftar, the point A or right afcenfion being held from )'ou, 
the nutation will be pofitive for ftars having north declination, 
but negative for fouth : — the contrary is to be obferved when 
a point 3' before the Moon's afcending node, falls on the left 
fide of the meridian. Agreeably to fhefe dire(5tions, the fore- 
going equations when tabled will fl:and as follows. 



Longitude of Moon's 
Afcending node 

0' — 5". 8 1 


Longitude of Moon's 
Afcending node 
+ 6' 


1 7.11 

2 6.48 


7 

8 


3 4.13 

4 0.67 

5 H- 2-9^' 

6 5.81 


9 

10 

— 1 1 




The next equation is that of the equinoftial points, which is 
common to all the flars, and occafioned by the poles of the 
Earth inclining to, and receding from the celeflial equator. — 
Suppofe the Moon's afcending node to be at 9% then the pole 
of the Earth will be at o in the ellipfe, and the diftance C 
will be its inclination towards v . — This inclination for any 
point in the ellipfe will be a perpendicular let fall upon the 
tranfverfe axis, which will be to the alteration of the equinoc- 
tial points, as the tangent of the obliquity of the ecliptic, is to 
radius ; — hence thefe deviations from the tranfverfe axis of the 
ellipfe being multiplied by the nat. co-tan^rent of the obliquity 
of the ecliptic, will give the equations required. 

The quantity C z: 7.I C for o' and 6' in the projeiJlion but 

Mult, by nat. Co-tang' of a3°a8'~ X *-3 ~ l6".3 cfoi^3' and 9* of the long, of ])'snode. 

For any other points in the ellipfe add the log. of 9.55, to 
the log. fine of the arc C 0, and from that fum deduft i o for a 
conftant log. to which add the log. fine of any arc from 3, or 
9, and from that fum deduft 10, the remainder will be the log. 
of a perpendicular let fall from the termination of that arc to 
the tranfverfe axis. 

I To 
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In applying the equations for nutation in declination obferve, 
that when a point y before the longitude of the Moon's afcend- 
ing node falls on the fame fide of a diameter at right angles to 
the meridian of the ftar with its point of right afcenfion, the 
nutation will be additive for ftars having north declination, but 
negative for thofe having fouth declination ; the contrary is to 
be obferved when a point 3' before the longitude of the Moon's 
afcending node falls on the other fide of the diameter. The 
above equations for nutation in declination will be properly ex- 
preffed in the following table. 



Longitude of the Moon's 


Longitude of the Moon's 


Afcending Node 


Afcending Node 


0' + 6".6o 


— 6' 


I 3-^5 


7 


2 — 1. 14 


+ 8 


3 5-^3 


9 


4 7-75 


10 


5 8.28 


II 


6 6.60 






The foregoing calculations as combined with the projeftions, 
may be rendered fomewhat more fimple, by numbering the figns 
of the Sun's place in the ellipfe for aberration 3' fliort of the 
true figns ; and the figns for the place of the Moon's afcending 
node in the ellipfe for nutation 3' forward, by which the cal- 
culations will coincide with the figns for which they were made, 
and fo much of the rules for the application of the equations 
as depend upon a point y behind the place of the Sun for aber- 
ration, and 3' before the place of the Moon's afcending node 
for nutation, will become unneceflliry. 

There is yet one other equation which, in very nice opera- 
tions, fuch as determining the lengths of meridians, &c. may 
require fome attention. It is the effeft of the inequality of the 
aftion of the Sun between the folftices and equinoxes, on the 
equatorial diameter of tlie earth, by which the poles are carried 
annually, twice round the mean poles in a fmall circle, whofe 
diameter is i'. By which the equinoftial points, the obliquity 
of the ecliptic, the right afcenfion, and declination of the 
ftars, are affefted in a fmall degree. The maximum of the al- 
teration 



NUTATION OP THE EARTH'S AXIS, &c. 6$ 

tcration of the equinoftial points amounts i ". 15 or the -^ of a fe- 
cond in time. The obliquity of the ecliptic is greater by i", 
when the Sun is in the equinoxes, than m the folftices. The 
right afcenfion of the ftars will be infenfibly afFefted, unlefs the 
declinations fliould be very great : the declination of SS** 6' will 
produce but i" in time, and 81° 15' but ^ of a fecond. From 
the theory the apparent diftance of every ftar from the pole of 
the equator will be fubjeft to a variation of i" twice a year, and 
there being but three months between the greatefl inclination, 
and reclination, it will fenfibly affeft the obfervations made with 
a good 8 feet zenith feftor. — ^For a further explanation, and 
in aid to the calculations, take from any fcale of equal parts 5, 
with that diftance for a radius defcribe a circle, which divide 
into 1 2 equal parts for figns, (fee Fig. 5. Plate I.) From what 
has been already obferved it follows that, when the Sun is at c, 
the pole will be at 3, when the Sun is at 3, the pole will be 
at 9, and when the Sun is at 6, the pole will be again at o. For 
an example : Suppofe it ftiould be required to find the elFeft of the 
femi-annual equation in declination for ^ Medufa?, anfwering 
to 3' of the Sun's place — lay off i' 13" 43', the right afcenfion 
of ^ Medufae from o', to M ; from M, through the centre C, 
draw the meridian MD ; at right angles to which, draw the 
diameter EF. Then from the theory, whilft the Sun is ad- 
vancing 3% the pole will advance 6% and therefore be at 9' : and 
the diftance 9 m, in the direftion of the meridian, will be the 
quantity required, and when applied to the fcale, will be .34. 
— this quantity may be readily calculated, being to the fine of 
arc 9F = 43° 43' as .5 is to radius, therefore 
To .5 - - Log. 1.69897 

Add 43° 43' - Log. S. 9.83954^ 

9-53851 

As radius cannot be dedufted, the log. muft be exprcffed 
"1.53851=. 34 = 9 w: in this mannner the calculations may 
be made for any other points in the circle, and the quantities 
will be additive to the declination of a northern ftar ; when the 
pole is on the fame fide of a diameter at right angles to the 
meridian with the point M, of the ftar's right afcenfion ; but 
negative for a fouthem ftar ; — the contrary is to be obferved 
when the pole is on the other fide of the diameter. 

The 



66 



NUTATION OF THE EARTH'S AXIS, &c. 



The following table by attending to the direftion will anfwer 
for all ftars. 



If ihe diiFcrenc« 
belefsthan6'add 
fornorthern ftars, 
but fubtraft for 
fouthern. 



Argument. 




From twice the Sun's Longitude take 


the 


ftar's riKht afcenfion. 




0* O" 


6* o*' 


+ o".o — 


6" 0° 


0' 


0" 


15 


15 


0.13 


15 




15 


I 


S 


0.25 


7 


II 





15 


15 


0-35 


15 




"5 


2 


4 


0.43 


8 


10 





15 


15 


0.48 


15 




15 


3 


3 


0.50 


9 


9 






Ifthe difference be 
more than 6' fub- 
traft for northeru 
ftars, but add for 
fouthern. 



i« i3°29'7".o 



For an example of the application of the foregoing equations, 
let it be required to find the right afcenfion, and declination of 
^ Medufas for June 22d 1795; the Sun's longitude being 3* 
and the longitude of the Moon's afcending node 4'. 

Right afcenfion of e MedufasT. 
the beginning of 1 780. J 

Annual variation for 15 years 
Dofor June 22d. 
Mean right afcenfion 
Aberration 
Nutation 

Equation of the equinoflial points 
True right afcenfion 



Declination of & Meduftf the 

beginning of 1780. 
Annual variation for 15 years 

Dofor June 2 2d 
Mean declination 
Aberration 
Nutation 

Semi-annual equation 
True declination 



} 



+ 
+ 


14 


22.9 

27.0 


I 13 


43 


J6.9 

9-35 

0.67 

14,14 


I 13 ' 


t3 


32-74 


40^ 

+ 
+ 


5' 
3 


37",oN 

39-45 
6.96 


40 


9 23-4» 

9-35 

7-75 

•34 


40 


9 


5-97 



I am, Sir, 

Your real Friend, 
ANDREW ELLICOTT. 



To Robert Fatter/en, A. M. 
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